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225 Abstract
26 Erythrosuchidae are a globally distributed and important group of apex predators that 
27 occupied Early and Middle Triassic terrestrial ecosystems following the Permo-Triassic mass 
28 extinction. The stratigraphically oldest known genus of Erythrosuchidae is Garjainia Ochev, 
29 1958, which is known from the late Early Triassic (late Olenekian) of European Russia and 
30 South Africa. Two species of Garjainia have been reported from Russia: the type species, 
31 Garjainia prima Ochev, 1958, and ‘Vjushkovia triplicostata’ Huene, 1960, which has been 
32 referred to Garjainia as either congeneric (Garjainia triplicostata) or conspecific (G. prima). 
33 The holotype of G. prima has received relatively extensive study, but little work has been 
34 conducted on type or referred material attributed to ‘V. triplicostata’. However, this 
35 material includes well-preserved fossils representing all parts of the skeleton and comprises 
36 seven individuals. Here, we provide a comprehensive description and review of the cranial 
37 anatomy of material attributed to ‘V. triplicostata’, and draw comparisons with G. prima. 
38 We conclude that the two Russian taxa are indeed conspecific, and that minor differences 
39 between them result from a combination of preservation or intraspecific variation. Our 
40 reassessment therefore provides additional information on the cranial anatomy of G. prima. 
41 Moreover, we quantify relative head size in erythrosuchids and other early 
42 archosauromorphs in an explicit phylogenetic context for the first time. Our results show 
43 that erythrosuchids do indeed appear to have disproportionately large skulls, but that this is 
44 also true for other early archosauriforms (i.e. proterosuchids), and may reflect the invasion 
45 of hypercarnivorous niches by these groups following the Permo-Triassic extinction.              
46  
47
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349 Introduction
50 Following the Permo-Triassic mass extinction (Chen & Benton 2012; but see Gastaldo et al. 
51 2015; Lucas 2017), terrestrial Early Triassic ecosystems witnessed the beginnings of a major 
52 evolutionary radiation of archosauromorph reptiles (Ezcurra & Butler 2018). 
53 Archosauromorpha is a highly diverse clade that includes dinosaurs, birds, pterosaurs and 
54 crocodilians, and dominated vertebrate niches in terrestrial ecosystems throughout much of 
55 the Mesozoic (Nesbitt 2011; Ezcurra et al. 2013; Ezcurra 2016). One of the earliest 
56 archosauromorph clades to diversify following the Permo-Triassic mass extinction was the 
57 Erythrosuchidae, a group of medium to large-bodied apex predators comprising 
58 approximately seven species, known from South Africa, China, India, and Russia (Parrish 
59 1992; Gower 2003; Ezcurra et al. 2013, 2019; Gower et al. 2014; Butler et al. 2019, in press). 
60 The earliest definitive erythrosuchids are known from the latest Early Triassic, represented 
61 by the genus Garjainia Ochev, 1958, including the species Garjainia prima Ochev, 1958 from 
62 Russia, and Garjainia madiba Gower, Hancox, Botha-Brink, Sennikov & Butler, 2014 from 
63 South Africa (Ochev 1958; Gower & Sennikov 2000; Gower et al. 2014; Ezcurra et al. 2019).
64 The type species of Garjainia (by original monotypy), Garjainia prima Ochev, 1958, is 
65 based on a well-preserved partial skeleton comprising a nearly complete skull and 
66 fragmentary postcranium, from the Kzyl-Sai II locality, approximately 70 km southeast of the 
67 city of Orenburg, in Orenburg Province, Russia (Fig. 1). Another Russian erythrosuchid genus 
68 and species, Vjushkovia triplicostata Huene, 1960, was erected based on well-preserved 
69 skeletal remains representing multiple individuals collected at the Rassypnaya locality, west 
70 of Orenburg (Figs 1, 2), about 150 km distant from Kzyl-Sai II. The fossils of these two 
71 erythrosuchid taxa were both collected from similar stratigraphic horizons, within the 
72 Petropavlovskaya Svita of the Yarengian Supergorizont (Shishkin et al. 2000), and there have 
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473 been repeated suggestions that they are synonymous at the generic or even specific level. 
74 Tatarinov (1961) synonymised both Garjainia and Vjushkovia with the South African 
75 erythrosuchid genus, Erythrosuchus, although this synonymy has been rejected by nearly all 
76 subsequent authors (e.g. Charig & Sues 1976; Kalandadze & Sennikov 1985; Parrish 1992; 
77 Sennikov 1995; Gower & Sennikov 2000; Gower et al. 2014; Ezcurra 2016; Ezcurra et al. 
78 2019). Some authors have considered Garjainia prima and ‘Vjushkovia triplicostata’ to be 
79 distinct species, but congeners (e.g. Kalandadze & Sennikov 1985; Sennikov 1995), while 
80 others have maintained generic as well as specific distinction (e.g. Charig & Sues 1976; 
81 Parrish 1992). More recently, Gower & Sennikov (2000), Gower et al. (2014), Ezcurra (2016) 
82 and Ezcurra et al. (2019) have considered the two taxa conspecific, with ‘Vjushkovia 
83 triplicostata’ being a junior synonym of Garjainia prima. 
84 The hypodigm of ‘Vjushkovia triplicostata’ includes nearly all parts of the skeleton 
85 and represents parts of at least seven individuals. It is the most completely known 
86 erythrosuchid, and one of the most completely known archosauromorphs from the Early 
87 Triassic. Despite this, it has received little study and its anatomy is poorly documented. 
88 Huene (1960) provided only a brief description, supplemented with highly simplified line 
89 drawings of some of the material, as well as cranial and skeletal restorations. Some 
90 additional descriptive comments and comparisons were provided by Tatarinov (1961). 
91 Subsequent descriptions have focused on specific regions of ‘Vjushkovia triplicostata’: the 
92 palate (Ochev 1975), skull and mandible (Ochev 1981), braincase (Parrish 1992; Clark et al. 
93 1993; Gower & Sennikov 1996a), endocranial cast (Gower & Sennikov 1996b) and tarsus 
94 (Gower 1996). Gower (2003) discussed some aspects of the anatomy of ‘Vjushkovia 
95 triplicostata’ in his monograph of Erythrosuchus africanus. Ezcurra et al. (2019) 
96 comprehensively redescribed the type material of Garjainia prima, but did not describe or 
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597 figure material of ‘Vjushkovia triplicostata’. However, this recent work provides an impetus 
98 for a more detailed reassessment of ‘Vjushkovia triplicostata’ than has previously been 
99 conducted. 
100 To better assess the validity of ‘Vjushkovia triplicostata’, we provide the first full 
101 description of the anatomy of cranial specimens attributed to this taxon, and discuss the 
102 evidence for its synonymy with Garjainia prima. In addition, we quantify, for the first time, 
103 one of the often commented upon features of erythrosuchids: the relative increase in the 
104 size of the skull compared to the postcranial skeleton. We examine the evolution of relative 
105 head size among early archosauromorphs, demonstrating that the disproportionately large 
106 heads of erythrosuchids are shared with some other early archosauriforms, and hypothesize 
107 that they represent an adaptation towards hypercarnivory in these groups.   
108
109 Institutional abbreviations: BP, Evolutionary Studies Institute, University of the 
110 Witwatersrand, Johannesburg, South Africa; NHMUK, Natural History Museum, London, UK; 
111 PIN, Borissiak Paleontological Institute of the Russian Academy of Sciences, Moscow, Russia. 
112
113
114 Historical background and geological setting
115 The Rassypnaya locality was found by the geologist V. A. Garyainov from Saratov State 
116 University during geological mapping of the Orenburg region in the autumn of 1953 
117 (Garyainov 1955). He passed the details of the site to I. A. Efremov and B. P. Vyushkov, 
118 palaeontologists at the Paleontological Institute of the Academy of Sciences of USSR in 
119 Moscow. Vyushkov promptly organized an expedition to excavate the fossils, and invited V. 
120 A. Garyainov and V. G. Ochev to participate (the latter was at that time a student at Saratov 
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6121 State University). The excavations started towards the end of November 1953, with the 
122 scientists being assisted by local school children. The fossil bones of ‘Vjushkovia 
123 triplicostata’ were preserved in claystone and were fragile, proving difficult to excavate and 
124 prepare. An unexpected storm during the excavation covered the locality and surrounding 
125 steppe with more than a metre of snow, meaning that fossils had to be transported to the 
126 railway station using horses and carts (Fig. 2A). In 1954, B. P. Vyushkov organised a second 
127 field season to continue the excavation (Fig. 2B), including the first use of a bulldozer in 
128 Russian palaeontological fieldwork (Ochev 2000). Bones were collected from a minimum of 
129 six individuals of ‘Vjushkovia triplicostata’, showing a substantial size range. More recently, 
130 in 1974 M. G. Minikh, a palaeontologist from Saratov State University, discovered at the 
131 same locality and claystone horizon the remains of an additional large individual that he 
132 identified as ‘Vjushkovia triplicostata’ (M. G. Minikh pers. comm. to A.G.S.). Currently, the 
133 outcrop and excavation site are not exposed, being covered by landslips and vegetation 
134 (A.G.S. pers. obs.), but the locality is listed as a geological monument of the Orenburg region 
135 (Fig. 2C).
136 The type specimen of Garjainia prima and the type material of ‘Vjushkovia triplicostata’ 
137 come from the Yarengian Supergorizont (Fig. 1), where the fauna have been subdivided into 
138 two tetrapod biochrons corresponding to the Fedorovkian and Gamian gorizonts (Shishkin 
139 et al. 2000). The type locality for Garjainia prima, Kzyl-Sai II, occurs within the lower of these 
140 two biozones, the Fedorovkian. By contrast, the type locality of ‘Vjushkovia triplicostata’, 
141 Rassypnaya, occurs with the upper biozone, the Gamian. Thus, there is a potential temporal 
142 difference between the two species, with ‘Vjushkovia triplicostata’ being stratigraphically 
143 younger. Both the Fedorovkian and Gamian gorizonts are dated as latest Early Triassic (late 
144 Olenekian) in age, based on the occurrence of the index genus for the Yarengian (the 
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7145 temnospondyl Parotosuchus) in strata containing biostratigraphically informative 
146 ammonites and miospores (Shishkin et al. 2000). 
147 Associated fauna from the Rassypnaya locality include the temnospondyl Parotosuchus 
148 orenburgensis, the archosauriform Chasmatosuchus magnus (= ‘Jaikosuchus magnus’; 
149 Ochev 1979; Sennikov 1995, 2008; Gower & Sennikov 2000; Ezcurra 2016), the non-
150 archosauriform archosauromorph Vritramimosaurus dzerzhinskii (Sennikov 2005), and the 
151 therocephalian Silphedosuchus orenburgensis (Ivakhnenko 2011). 
152
153 Methods
154 Erythrosuchids are often described as possessing disproportionately large heads (e.g. Huene 
155 1911; Tatarinov 1961; Parrish 1992; Gower 2003; Ezcurra et al. 2013, 2019), but this trait 
156 has never been explored quantitatively. In order to explore relative head size in 
157 erythrosuchids in more detail, we collected data on basal skull length (premaxilla to 
158 quadrate) and femur length across tetrapods, with a particular focus on early 
159 archosauromorphs. Femoral length was chosen as a proxy for overall body size, in line with 
160 many previous studies (e.g. Carrano 2006; Sookias et al. 2012).
161 Basal skull length and femur length for 89 species of extant mammals, lepidosaurs, 
162 and crocodilians and fossil dinosaurs and pterosaurs were drawn from VanBuren et al. 
163 (2015). To these, we added data from the literature and personal observations for 41 
164 species of Early Triassic to earliest Jurassic archosauromorphs, including non-archosaurian 
165 archosauromorphs, pseudosuchians, pterosaurs, and early dinosaurs (see Supplementary 
166 Information). All data were log10 transformed prior to further analyses. These data included 
167 three erythrosuchid species. For Erythrosuchus africanus, NHMUK R3592 includes a partial 
168 skull and complete femur (Gower 2003), and a complete basal skull length was estimated by 
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8169 scaling the partial skull against the complete skull of the referred specimen BP/1/5207 
170 (Supplementary Information). For ‘Vjushkovia triplicostata’ we estimated basal skull length 
171 for the largest known and most complete cranial material, the lectotype PIN 951/59, based 
172 on comparison to the holotype of Garjainia prima (Ezcurra et al. 2019). Basal skull length 
173 was estimated at 595 mm. Femur length was based upon PIN 951/61-1, the largest known 
174 femur with a length of 243 mm. Although it is uncertain whether PIN 951/59 and PIN 
175 951/61-1 represent the same individual, this nonetheless provides constraints on the 
176 possible skull-femur ratio. For Shansisuchus shansisuchus, we used measurements for the 
177 largest skull and largest femur described by Young (1964), although as for ‘Vjushkovia 
178 triplicostata’ it is uncertain whether these represent a single individual.
179 Quantitative analyses were conducted in the statistical environment R (R Core Team 
180 2018). We first compared basal skull length and femur length using standard major axis 
181 regression with 95% confidence intervals using the package lmodel2 (Legendre 2018). To 
182 further explore these results in a phylogenetic context we created an informal supertree for 
183 the 42 Triassic and earliest Jurassic archosauromorphs in the dataset. This supertree was 
184 built following the topologies recovered by Ezcurra (2016) and its subsequent iterations (e.g. 
185 Ezcurra & Butler 2018; Butler et al. 2019; Ezcurra et al. 2019) for most of the tree, and 
186 Langer et al. (2017) for rhynchosaurs, Nesbitt (2011) for loricatan pseudosuchians, and 
187 Ezcurra (2017) for dinosaurs. The supertree possesses polytomies at the base of 
188 Tanystropheidae, Rhadinosuchinae and Avemetatarsalia in order to acknowledge 
189 unresolved relationships in the above-mentioned published topologies. The supertree was 
190 timescaled using the function timePaleoPhy of the package paleotree (Bapst 2012) with the 
191 minimum branch length set at 1 million years. Stratigraphic ages for species were taken 
192 from the literature. We examined the correlation between basal skull length and femur 
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9193 length using phylogenetic generalised least squares with the gls function of the package 
194 nlme (Pinheiro et al. 2018). We then tested for the presence of a phylogenetic signal in the 
195 ratio of basal skull length to femur length using the phyloSignal and phyloCorrelogram 
196 functions of the package phylosignal (Keck et al. 2016), setting 999,999 and 9,999 replicates 
197 for each function respectively. The lipaMoran function of phylosignal, setting 999,999 
198 replicates and a significant p-value < 0.05, was used to identify phylogenetic associations 
199 within the data – i.e. groups of species with similar values – and the results were visualised 
200 using the barplot.phylo4d function. 
201             
202 Systematic palaeontology
203
204 Diapsida Osborn, 1903 sensu Laurin (1991)
205 Sauria Gauthier, 1984 sensu Gauthier, Kluge & Rowe (1988)
206 Archosauromorpha von Huene, 1946 sensu Dilkes (1998)
207 Archosauriformes Gauthier, Kluge & Rowe, 1988
208 Erythrosuchidae Watson, 1917 sensu Ezcurra et al. (2010)
209 Garjainia prima Ochev, 1958
210
211 Synonymy: Vjushkovia triplicostata Huene, 1960
212
213 Holotype: PIN 2394/5 (formerly SGU 104/3-43), partial skeleton of a single individual, from 
214 the Kzyl-Sai II locality, Orenburg Province, Russia (see Ezcurra et al. 2019).  
215
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216 Referred specimens: PIN 951/59, a skull roof and braincase (Huene 1960: pl. 11, figs 1, 2; 
217 Tatarinov 1961: fig. 2; Gower & Sennikov 2000: fig. 8.4C), lectotype of ‘Vjushkovia 
218 triplicostata’; numerous isolated skull and postcranial elements representing paralectotypes 
219 of ‘Vjushkovia triplicostata’, including parts of nearly the entire skeleton, representing at 
220 least six individuals (see Appendix 1 for full list of ‘Vjushkovia triplicostata’ paralectotype 
221 cranial and mandibular material); and PIN 951/69, mandibular material of a large individual 
222 collected by M. G. Minikh in 1974 (see Appendix 1 for details). 
223
224 Horizon and locality for referred specimens: Rassypnaya locality, Petropavlovskaya Svita of 
225 the Yarengian Supergorizont, Gamian Gorizont (Early Triassic: late Olenekian), 1.5 km 
226 northeast of Rassypnoe village, right bank of the Ural River, Ilek district, Orenburg Province, 
227 Russia (Huene 1960; Sennikov 1995; Gower & Sennikov 2000; locality 51 of Tverdokhlebov 
228 et al. 2003). All referred specimens, including the lectotype and paralectotypes of 
229 ‘Vjushkovia triplicostata’, are all from the same locality.
230
231 Remarks: Synonymy of ‘Vjushkovia triplicostata’ with Garjainia prima has been suggested 
232 previously (Gower & Sennikov 2000; Ezcurra et al. 2019) and is supported here. Detailed 
233 discussion of the proposed anatomical differences between the two species is provided 
234 below. 
235  
236 Cranial and mandibular anatomical description of ‘Vjushkovia triplicostata’
237
238 Premaxilla. A pair of premaxillae are present (PIN 951/63; Fig. 3A–E), preserved in 
239 articulation. They are mostly complete, although their prenarial processes have mostly 
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240 broken away. A second fragment of a left premaxilla (PIN 951/116; Fig. 3F, G) is present and 
241 represents a larger individual. In PIN 951/63, much of the left postnarial process and the 
242 posterior margin of the right postnarial process are missing (Fig. 3A, B). The main body of 
243 the premaxilla is sub-rectangular in lateral view and is at least 2.25 times longer than the 
244 distance between the alveolar margin and the ventral border of the external naris. The base 
245 of the prenarial process is narrow in lateral view and transversely compressed, and its 
246 orientation indicates that the process was posterodorsally directed. The postnarial process 
247 is a posterodorsally directed, transversely compressed plate. Several foramina and grooves 
248 are present on the external surface of the main body of the premaxilla. Some anteriorly-
249 opening foramina are clustered together at the anteroventral corner of the bone (Fig. 3A, E). 
250 A groove extends horizontally across the main body of the lateral surface of the premaxilla, 
251 roughly parallel with the tooth row, approximately 19 mm above the alveolar margin 
252 anteriorly and approximately 8 mm above the alveolar margin at its posterior end (Fig. 3A, 
253 B). The presence of this groove has been considered a synapomorphy of the genus Garjainia 
254 (Gower et al. 2014; Ezcurra 2016; Ezcurra et al. 2019). This groove is associated with a 
255 number of foramina in ‘Vjushkovia triplicostata’, including a large posteroventrally opening 
256 foramen below the base of the postnarial process (Fig. 3A, B). There is a shallow and 
257 dorsally restricted narial fossa adjacent to the ventral margin of the external naris (Fig. 3A). 
258 The lateral surface of the postnarial process is medially recessed relative to the main body 
259 of the bone and the process is transversely thickened at the margin of the naris. The palatal 
260 process is preserved on each premaxilla (Fig. 3A–D). The process is directed posteriorly and 
261 does not contact its antimere along the midline. The orientation of the process in lateral 
262 view suggests that the anterior part of the premaxilla was downturned relative to the 
263 maxilla. The palatal process is visible in lateral view posterior to the main body of the bone. 
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264 By contrast, the palatal process of the premaxilla is proportionally shorter in the holotype of 
265 Garjainia prima (PIN 2394/5) and is completely obscured by the main body of the bone in 
266 lateral view (Ezcurra et al. 2019). In dorsal view there is a foramen present on the medial 
267 surface of the premaxilla, immediately ventral to the ventral margin of the external naris 
268 (Fig. 3D).
269 Each premaxilla bears five alveoli (Fig. 3C). Teeth are absent from most of these, 
270 although the fourth left tooth and fifth right tooth are preserved in situ and are fully 
271 erupted. A replacement tooth is also visible in the second alveolus on the right side. The two 
272 in situ teeth are fused at their bases to the surrounding bone of the premaxilla 
273 (ankylothecodont implantation), contrasting with the non-ankylosed premaxillary teeth in 
274 the holotype of Garjainia prima (Ezcurra et al. 2019; PIN 2394/5). The replacement tooth 
275 does not appear to be fused to the surrounding socket. The two fully erupted teeth are 
276 incomplete, but are labiolingually compressed and recurved. The distal surfaces of the 
277 crowns are finely serrated, but the mesial margins are not sufficiently well preserved to 
278 assess the presence or absence of serrations. 
279
280 Maxilla. Three partial maxillae are preserved (Fig. 4), two from the left side (PIN 951/32, PIN 
281 951/55) and one from the right (PIN 951/34). All three maxillae lack their anterior and 
282 posterior ends and their ascending process, and in PIN 951/32 and PIN 951/34 the palatal 
283 process is also absent. All three bones are damaged along the margin of the antorbital 
284 fenestra. A few teeth are preserved in situ, but the dentition is generally either missing or 
285 badly damaged. The alveolar margin is damaged in all three elements, but appears to have 
286 been ventrally convex in lateral view and curved upwards towards the contact with the 
287 premaxilla (Fig. 4C, E), as is the case in other erythrosuchids (Ezcurra 2016). The anterior 
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288 end of the maxilla is best preserved in PIN 951/55, where it is divided into two anterior 
289 processes (Fig. 4E), although both are broken. A wide, shallow, anteroposteriorly extending 
290 groove lies on the lateral surface between these two processes (Fig. 4E: gr), as in the 
291 holotypes of Garjainia prima (PIN 2394/5; Ezcurra et al. 2019) and Chalishevia cothurnata 
292 (PIN 4366/1; Butler et al. in press).
293 The lateral surface of the maxilla is gently sculpted by raised bosses, as occurs in the 
294 holotype of Garjainia prima (PIN 2394/5; Ezcurra et al. 2019). A row of foramina runs 
295 parallel to and approximately 1 cm above the alveolar margin. These foramina typically 
296 open ventrally and grooves extend ventrally from them, resembling the condition in other 
297 erythrosuchids (Ezcurra 2016). The base of the ascending process is preserved in PIN 951/32 
298 (Fig. 4A). On the lateral surface, there is a well-developed maxillo-nasal tuberosity (Fig. 4A: 
299 mnt). This tuberosity curves posteriorly towards the base of the ascending process, as is the 
300 case in other erythrosuchids with the exception of Fugusuchus hejiapanensis and 
301 Guchengosuchus shiguaiensis (Ezcurra 2016; Butler et al. 2019). A striated facet for 
302 articulation with the jugal is present on the lateral surface, immediately above the three 
303 most posteriorly-preserved tooth sockets (Fig. 4A, C, E: a.jg). The anterior process of the 
304 jugal also articulated with a slot on the posterodorsal edge of the maxilla, as in other 
305 erythrosuchids (e.g. Gower 2003).  
306 Medially, there is a well-preserved, anteriorly projecting palatal process in PIN 
307 951/55 (Fig. 4E–G). Its medial surface is grooved and rugose. The anterodorsal surface of 
308 the palatal process is bevelled where it was overlain dorsally by the palatal process of the 
309 premaxilla. On the medial surface of the maxilla, there is a strongly rugose area beginning 
310 above the sixth tooth and extending posteriorly until the end of the tooth row (Fig. 4B, D: 
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311 a.pal). This probably represents the articular surface for the palatine. In ventral view, the 
312 maxilla curves laterally at its posterior end towards the contact with the jugal.
313 Eleven tooth positions are preserved in PIN 951/32, twelve positions in PIN 951/34, 
314 and thirteen in PIN 951/55, which seems to have the complete tooth row preserved. This 
315 latter tooth count is consistent with that present in the holotype of Garjainia prima (PIN 
316 2394/5; Ezcurra et al. 2019).  At the very anterior end of the tooth row, there is a short 
317 edentulous region (diastema) along the ventral margin of the lower of the two anterior 
318 processes. In some cases, teeth are clearly fused to surrounding bone (ankylothecodont 
319 implantation), contrasting with the absence of fusion between the teeth and bone in the 
320 holotype of Garjainia prima (PIN 2394/5; Ezcurra et al. 2019). However, in some teeth of 
321 ‘Vjushkovia triplicostata’ this fusion is less clear and the tooth implantation appears 
322 thecodont (e.g. the ninth tooth of PIN 951/34). Very few teeth are well preserved, but the 
323 best-preserved teeth are labiolingually compressed, recurved, and have fine serrations 
324 along both mesial and distal margins. 
325
326 Nasal. Isolated left (PIN 951/19-1) and right (PIN 951/19-2) nasals are preserved, probably 
327 from a single individual (Fig. 5). Parts of both nasals are also preserved in the ‘Vjushkovia 
328 triplicostata’ lectotype skull roof (PIN 951/59; Fig. 6). All of the nasals are incomplete. The 
329 nature of the anterior contact with the premaxilla is unknown because all are broken 
330 anteriorly. Laterally, the nasal forms an anteroposteriorly straight contact with the 
331 prefrontal. The nasal is elongate and extends posteriorly to contact the frontal above the 
332 anterodorsal margin of the orbit. Anteriorly the dorsal surface of the paired nasals is 
333 strongly transversely convex. Level with the antorbital fenestrae, the paired nasals bear a 
334 transversely broad median fossa that covers almost the entire dorsal surface of the bones 
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335 (Fig. 6A). This fossa has been interpreted as an autapomorphy of Garjainia prima (Ezcurra et 
336 al. 2019). Posterior to the fossa, the dorsal surface of the paired nasals becomes mostly flat, 
337 although there is a transversely narrow, anteroposteriorly elongate fossa on the midline 
338 that extends onto the paired frontals. The dorsal surface of the nasal is rugose. The lateral 
339 surface of the nasal is generally poorly preserved, but anteriorly there is a descending 
340 process placed towards the anterior end of the bone (Figs 5, 6: dnp), the posterior margin of 
341 which bears a facet for articulation with the ascending process of the maxilla (Fig. 5B: 
342 a.max). The posterior edge of the descending process is raised into a ridge that formed the 
343 dorsal portion of the maxillo-nasal tuberosity (Fig. 5A: mnt). The lateral margin of the nasal 
344 is dorsoventrally thickened posteriorly and would have formed the dorsal border of the 
345 antorbital fossa. On the ventral surface of the posterior end of the paired nasals, the 
346 impressions of the olfactory tract and bulbs are preserved (Fig. 6B). The olfactory tract 
347 would have been transversely narrow. The margins of the olfactory bulbs are poorly 
348 delimited but also appear to be transversely narrow. The medial surfaces of the nasals 
349 articulate with each other with ridge-in-groove articulations. 
350
351 Lacrimal. Only fragments of the lacrimal appear to be preserved, and they are in articulation 
352 with the left prefrontal of the ‘Vjushkovia triplicostata’ lectotype (PIN 951/59; Fig. 6C). 
353 These fragments do not provide any notable anatomical information. Huene (1960: pl. 11, 
354 fig. 3) figured what he identified as a partial right lacrimal and prefrontal, but we have not 
355 been able to locate this among the available material. 
356
357 Jugal. Parts of four jugals are preserved (Fig. 7A–D). PIN 951/117 is a right jugal missing the 
358 anterior process and the tips of the dorsal and posterior processes and is reconstructed in 
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359 places (Fig. 7A, B). PIN 951/23-1 is a left jugal missing the anterior process, badly damaged 
360 at the junction between the dorsal and posterior processes, both of which are missing their 
361 tips. Another right jugal, PIN 951/23-2 (Fig. 7C, D), is preserved in articulation with the right 
362 quadratojugal and is missing its anterior and dorsal process and the posterior end of the 
363 posterior process. PIN 951/9 is a left jugal missing its dorsal process and most of the 
364 anterior process.  
365 The jugal is triradiate and formed the ventral margin and lower part of the posterior 
366 margin of the orbit. It also probably formed about half of the anterior margin of the 
367 infratemporal fenestra, and the entire ventral margin of the infratemporal fenestra, 
368 extensively overlapping the anterior process of the quadratojugal. The dorsal process has a 
369 rugose ridge on its lateral surface adjacent to the orbital margin (Fig. 7A). The anterior 
370 surface of the process is grooved for articulation with the ventral process of the postorbital. 
371 Medially, the anterior part of the base of the dorsal process is recessed laterally to form an 
372 articular facet for the ectopterygoid (Fig. 7B, D: a.ect); this facet extends posteroventrally 
373 onto the base of the posterior jugal process. The main body of the jugal beneath the dorsal 
374 process is strongly thickened transversely on its lateral surface forming a rugose, 
375 anterodorsally-to-posteroventrally oriented ridge (Fig. 7A, C: rri), as also occurs in the 
376 holotype of Garjainia prima (PIN 2394/5; Ezcurra et al. 2019). The posterior process of the 
377 jugal is elongate. The distal end of the posterior process tapers and fits into a notch on the 
378 lateral surface of the quadratojugal (Fig. 7C, E). Medially, there is an anteroposteriorly 
379 elongate, striated and dorsoventrally concave facet on the posterior process for the 
380 articulation with the quadratojugal (Fig. 7B: a.qj).
381
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382 Prefrontal. Both prefrontals are preserved in the ‘Vjushkovia triplicostata’ lectotype (PIN 
383 951/59; Fig. 6), and the right prefrontal is preserved in PIN 951/60 (Tatarinov 1961: fig. 3), 
384 an articulated skull roof (Fig. 8). In both specimens, the majority of the dorsal surface of 
385 each prefrontal is preserved, but the ventral surfaces are damaged. The prefrontal has a 
386 straight medial margin in dorsal and ventral views and forms an extensive contact with both 
387 the frontal and the nasal. The lateral margin of the prefrontal is strongly convex in dorsal 
388 view (Figs 6A, 8A). The prefrontal is slightly thickened dorsoventrally along its lateral margin 
389 relative to the more medial part of the skull table and would have overhung the lacrimal. 
390 Immediately medial to this lateral thickening there is an anteroposteriorly extending, 
391 shallow curved groove on the skull table (Figs 6A, 8A: prfg), resembling the condition in the 
392 holotype of Garjainia prima (PIN 2394/5; Ezcurra et al. 2019). The dorsal surface of the 
393 prefrontal is strongly rugose. The anterolateral margin of the bone has a well-developed 
394 groove (Fig. 6C) that extends diagonally across the bone from the anterodorsal corner to the 
395 posteroventral corner, as occurs in the holotypes of Garjainia prima (PIN 2394/5; Ezcurra et 
396 al. 2019) and Erythrosuchus africanus (Gower 2003), and a referred specimen of Garjainia 
397 madiba (Gower et al. 2014).
398
399 Frontal. The frontals are preserved in the ‘Vjushkovia triplicostata’ lectotype (PIN 951/59; 
400 Fig. 6) and in PIN 951/60, the articulated skull roof (Fig. 8). The paired frontals contact the 
401 nasals anteriorly (although this is broken in PIN 951/60) and the parietals posteriorly, and 
402 each frontal forms contacts with the prefrontal and postfrontal laterally. The frontal does 
403 not contact the postorbital. The frontal forms a small part of the dorsal rim of the orbit, as 
404 in the holotype of Garjainia prima (PIN 2394/5; Ezcurra et al. 2019). In other erythrosuchids, 
405 the frontals have a similarly small participation or do not contribute to the border of the 
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406 orbit, a condition that it is intraspecifically variable in some species (Young 1964; Gower 
407 2003; Ezcurra et al. 2019). Anteriorly, the dorsal surface of the paired frontals is flattened, 
408 but bears a narrow median fossa that is continuous with the median fossa on the nasals (Fig. 
409 6A: fos). This fossa has been proposed as an autapomorphy of Garjainia prima (Ezcurra et al. 
410 2019). It appears to be less well developed in ‘Vjushkovia triplicostata’ than in the type 
411 specimen of Garjainia prima (PIN 2394/5), but the depth of the fossa may have been 
412 exaggerated in the latter due to transverse compression of the skull. This fossa terminates 
413 posteriorly slightly anterior to the point at which the skull roof is transversely narrowest in 
414 dorsal view. Posteriorly, the contacts with the parietal and postfrontal are not very clear 
415 due to poor preservation, but some interdigitation is visible. The posterior contact with the 
416 parietal appears to be transversely straight and extends through the pineal fossa. The paired 
417 frontals form the anterior 40% of the pineal fossa (Figs 6A, 8A: pfos), which is dorsoventrally 
418 deep with a subrectangular outline in dorsal view, resembling the conditions in the holotype 
419 of Garjainia prima and Erythrosuchus africanus (Gower 2003; Ezcurra et al. 2019). The 
420 dorsal surface of the frontal is generally ornamented with low rugosities, but is smooth 
421 within the pineal fossa. Ventrally, the frontal is broadly contacted by the laterosphenoid and 
422 impressions of the roof of the endocranial cavity and the olfactory tract are present (Figs 6B, 
423 8B). 
424
425 Postfrontal. The postfrontals are present in both the ‘Vjushkovia triplicostata’ lectotype (PIN 
426 951/59; Fig. 6) and the other articulated skull roof (PIN 951/60; Fig. 8), but their contacts 
427 with the frontals, postorbitals and parietals are difficult to identify with certainty. The 
428 postfrontal is a relatively small element that forms a small posterodorsal part of the orbital 
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429 rim. Ventrally, it probably formed at least a small contact with the laterosphenoid. A shallow 
430 pit is present on the dorsal surface of the postfrontal, close to its contact with the frontal.
431
432 Postorbital. Right and left postorbitals are present in the ‘Vjushkovia triplicostata’ lectotype 
433 (PIN 951/59; Fig. 6) and the other articulated skull roof (PIN 951/60; Fig. 8), but are 
434 generally broken at the ends of their ventral and posterior processes. The postorbital is a 
435 triradiate bone. It has an elongate ventral process that formed much of the posterior margin 
436 of the orbit (Fig. 8C). There is a deep groove on the lateral surface on the dorsal part of this 
437 process (Fig. 8C: gr). Ventrally, the process twists and is transversely expanded to form a 
438 flattened and heavily striated, anteriorly-facing surface. Medially there is a deep, elongate 
439 groove to receive the dorsal process of the jugal (Fig. 8C: a.jg). The groove on the lateral 
440 surface of the ventral process arches posteriorly and extends onto the lateral surface of the 
441 posterior process. It is continuous with the groove on the lateral surface of the squamosal. 
442 The posterior postorbital process is similarly sized in transverse width and dorsoventral 
443 height. It has a medial flange that fits into the groove on the anterior process of the 
444 squamosal. The dorsal surface of the postorbital is rugose and ornamented. It contacts the 
445 parietal and postfrontal medially and forms the anterior part of the lateral margin of the 
446 supratemporal fenestra as well as a small part of the anterior part of this fenestra. There is a 
447 well-developed fossa on the dorsal surface of the postorbital above the ventral process (Fig. 
448 8C: pofos), as occurs in the holotype of Garjainia prima, Garjainia madiba and Erythrosuchus 
449 africanus (Ezcurra et al. 2019). A strongly rugose boss is present on the orbital margin at the 
450 point where the ventral and medial processes meet (Fig. 8C: pob). This boss slightly 
451 overhangs the ventral process and has a shallow groove present on its lateral surface. This 
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452 groove is present but slightly less well developed in the type specimen of Garjainia prima 
453 (PIN 2394/5; Ezcurra et al. 2019).
454
455 Squamosal. There are three partial squamosals preserved, two from the left side (PIN 
456 951/118, 119; Fig. 9) and one from the right (PIN 951/120). They are all broken along their 
457 anterior, medial, ventral, and posterior margins. The base of the ventral process is recessed 
458 medially relative to the rest of the process and would have formed a fossa adjacent to the 
459 posterodorsal corner of the infratemporal fenestra (Fig. 9A: fos). This fossa is delimited by a 
460 low ridge that extends onto the anterior process. Dorsal to this depression is a deep 
461 elongate groove on the lateral surface of the anterior process (Fig. 9A: gr), which received 
462 the posterior process of the postorbital. Medial to the groove is a flattened surface that 
463 borders the posterolateral corner of the supratemporal fenestra. More medially there is a 
464 heavily striated surface that would have articulated with the posterolateral wing of the 
465 parietal (Fig. 9A: a.pa). Posterior to this striated surface there is a medially and slightly 
466 posteriorly-facing smooth surface that articulated with the anterolateral surface of the 
467 distal end of the paroccipital process.  
468
469 Quadratojugal. Three quadratojugals are present (Fig. 7C–F). PIN 951/23-2 is a right 
470 quadratojugal preserved in articulation with a right jugal (Fig. 7C, D), and PIN 951/17-2 (Fig. 
471 7E, F) and PIN 951/17-1 are isolated left quadratojugals. None of the quadratojugals are 
472 complete, and all lack some or most of the anterior process and the dorsal part of the dorsal 
473 process. The anterior process is elongate, extending slightly beyond the mid-length of the 
474 infratemporal fenestra. It is strongly medially recessed dorsolaterally where it was 
475 overlapped extensively by the jugal (Fig. 7E: a.jg), which excluded the quadratojugal entirely 
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476 from the ventral border of the infratemporal fenestra. This articular surface for the jugal is 
477 striated. The dorsal process of the quadratojugal is anterodorsally directed, meaning that 
478 the posteroventral corner of the infratemporal fenestra would have formed an acute angle, 
479 as occurs in the holotype of Garjainia prima (PIN 2394/5; Ezcurra et al. 2019). The 
480 posteroventral corner of the bone is very strongly rugose adjacent to the contact with the 
481 quadrate condyles, resembling the condition in Erythrosuchus africanus (Gower 2003), 
482 Garjainia madiba (Gower et al. 2014) and the holotype of Garjainia prima (PIN 2394/5; 
483 Ezcurra et al. 2019). In PIN 951/17-2 part of the articular facet for the ventral process of the 
484 squamosal is preserved (Fig. 7E: a.sq), suggesting that this process of the squamosal would 
485 have extended along most, but not all, of the posterior margin of the infratemporal 
486 fenestra. This is similar to the condition in the holotype of Garjainia prima (Ezcurra et al. 
487 2019), but contrasts with the condition in Erythrosuchus africanus and Shansisuchus 
488 shansisuchus in which all or nearly all of the posterior margin of the infratemporal fenestra 
489 is formed by the squamosal (Young 1964; Gower 2003; Wang et al. 2013; Ezcurra 2016).
490
491 Quadrate. There are three quadrates preserved, all from the left side (PIN 951/57-1, PIN 
492 951/57-2, PIN 951/57-3; Fig. 10). The condyles and heads are well preserved in all three 
493 quadrates, but the lateral flanges and the pterygoid wings are all damaged. In lateral view, 
494 the posterior margin is strongly concave along its length (Fig. 10A, F). There is a broad, 
495 flattened, and gently striated surface for articulation with the quadratojugal on the lateral 
496 margin of the ventral part of the quadrate (Fig. 10A, B, F, G: a.qj). The medial margin of the 
497 quadrate foramen is not well preserved. There is a groove on the posterior surface of the 
498 bone that extends ventrally down the middle of the shaft from the waisted midshaft region 
499 towards the condyles. The quadrate head is transversely thickened relative to the shaft of 
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500 the bone, and convex in lateral view. Its articular surface is rugose. The quadrate condyles 
501 are transversely broad and anteroposteriorly narrow, forming a saddle-shaped articular 
502 surface (Fig. 10E, J). In medial view there is a fossa on the base of the pterygoid wing (Fig. 
503 10C, H: fos). The quadrate condyles of the holotype of Garjainia prima (PIN 2394/5) are not 
504 as transversely expanded and are more asymmetrically developed anteriorly, but this likely 
505 results from transverse crushing of PIN 2394/5.
506
507 Parietal. The parietals are present in both the ‘Vjushkovia triplicostata’ lectotype (PIN 
508 951/59; Fig. 6) and the skull roof specimen (PIN 951/60; Fig. 8). In both cases, the central 
509 part of the parietal region is not well preserved, and so the suture between the parietals 
510 cannot be identified. The paired parietals form the posterior 60% of the pineal fossa (Figs 6, 
511 8: pfos) and have anterolateral processes that contact the postorbital and postfrontal. The 
512 parietal forms the majority of the posterior margin of the supratemporal fenestra, the 
513 entirety of the medial margin of this fenestra, and part of its anterior margin. It cannot be 
514 determined if a pineal foramen was present. The parietal has a very well-developed 
515 posterolateral wing (Figs 6, 8: pa.wi), which is plate-like and strongly dorsally convex in 
516 posterior view, as occurs in other erythrosuchids (Ezcurra 2016). The dorsal part of this wing 
517 is anteroposteriorly thickened, slightly overhanging the occiput. This thickened dorsal 
518 margin bears a median groove along its dorsal surface. The posterolateral wings are strongly 
519 downturned at their distal ends and ventrally contact the paroccipital processes. Medially, 
520 the parietals contact the supraoccipital on the occiput. On the anterior surface of the 
521 parietal wing, there is a well-developed, curved ridge. The distal part of the wing is striated 
522 for articulation with the squamosal. There is no evidence that a separate interparietal was 
523 present.
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524
525 Braincase. The braincase is preserved in both the ‘Vjushkovia triplicostata’ lectotype (PIN 
526 951/59; Fig. 6) and the other skull roof specimen (PIN 951/60; Fig. 8). It has been described 
527 in detail by Gower & Sennikov (1996a), and we do not provide further descriptive notes 
528 here, although we do describe the supraoccipital, which was not described by Gower & 
529 Sennikov (1996a). The supraoccipital is a subtriangular element that articulates laterally and 
530 dorsally with the parietal and ventrolaterally with the otoccipital (Figs 6A, D, 8A, D: so). It 
531 forms at least a small component of the dorsal margin of the foramen magnum (contra 
532 Gower and Sennikov 1996). There are large paired fossae on the ventral part of the 
533 supraoccipital that each extend onto the adjacent lateral part of the posterolateral wing of 
534 the parietal (Figs 6D, 8D: so.fos). This region of the occiput is heavily deformed, damaged, 
535 and partly reconstructed in the holotype of Garjainia prima (PIN 2394/5) so the presence or 
536 absence of these fossae cannot be confirmed in that specimen (Ezcurra et al. 2019).
537
538 Pterygoid. There is a relatively complete left pterygoid (PIN 951/15-1; Fig. 11) and a 
539 fragment of a right pterygoid (PIN 951/15-2). The pterygoid is missing its quadrate wing and 
540 the articular surface for the basipterygoid. The dorsal process is broken along its margins. 
541 The posteroventral process is well developed (Fig. 11A, B: pvp), with a broad, prominent 
542 ridge extending along its ventral surface (Fig. 11A: pvp.r). The anterior process is broken 
543 anteriorly, but has two ridges, a midline ridge (Fig. 11A: ap.mr) and an anterolaterally-
544 directed ridge (Fig. 11A: ap.alr), as occurs in the holotype of Garjainia prima (PIN 2394/5; 
545 Ezcurra et al. 2019). Between the latter ridge and the ridge on the posteroventral process, 
546 the ventral surface of the pterygoid is strongly concave. Several very small palatal teeth are 
547 present on the two ridges of the anterior process close to the point at which they converge 
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548 with one another (Fig. 11C). Similar teeth are not clearly present in the holotype of Garjainia 
549 prima (PIN 2394/5), although this area is not well preserved in that specimen. Palatal teeth 
550 are absent in other erythrosuchids (Gower 2003; Ezcurra 2016). There are some possible 
551 scattered, very small palatal teeth on the base of the ridge on the posteroventral process in 
552 PIN 951/15-2, but these do not appear to be present in PIN 951/15-1. These two pterygoids 
553 may represent a single individual based on size, morphology, and preservation, potentially 
554 suggesting that there is some variation in the presence or absence of these teeth, even 
555 within the same individual. Such variation has not previously been documented in other 
556 erythrosuchids.  
557
558 Palatine. A partial right palatine (PIN 951/18-1; Fig. 12) and a somewhat less complete left 
559 palatine (PIN 951/18-2) are preserved. The former element was described by Ochev (1975: 
560 fig. 3), although he interpreted it as being from the left side, rather than the right as 
561 interpreted here. The ventral surface of the palatine has a broad, transversely thick ridge 
562 (Fig. 12A: pal.r), which separates two concave regions. This ridge would have been 
563 continuous with the anterolaterally-directed ridge on the anterior process of the pterygoid, 
564 as occurs in the holotype of Garjainia prima (PIN 2394/5; Ezcurra et al. 2019). There are 
565 some possible, scattered, very small teeth on this ridge on the right palatine (Fig. 12D). 
566 Preservation of the ridge on the left element is too poor to determine the presence or 
567 absence of these teeth. There is a straight lateral margin that would have contacted the 
568 maxilla, with a broad, striated triangular surface for contact (Fig. 12C: a.mx). As noted by 
569 Ochev (1975), a shallow groove (‘sulcus 1’ of Ochev 1975) crosses this surface close to its 
570 posterior end (Fig. 12C: gr). Anterior and medial to the ridge on the ventral surface, the 
571 palatine is drawn out into a dorsomedially-directed flange (Fig. 12A, C: dmf). There is a 
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572 dorsally recessed area on the ventral surface of the flange, which would have been 
573 overlapped by the pterygoid. The dorsal surface of the palatine has a deep fossa adjacent to 
574 the contact with the maxilla (Fig. 12B: fos). 
575
576 Dentary. A minimum of six dentaries are preserved (Figs 13, 14). These include a large right 
577 dentary with an articulated splenial (PIN 951/69-1) and fragment of left dentary (PIN 
578 951/69-3), which were collected from the Rassypnaya locality in 1974, later than the other 
579 specimens; an anterior part of a right dentary (PIN 951/54-1); an anterior part of a left 
580 dentary (PIN 951/54-3, and possibly from the same individual as the previous specimen); an 
581 anterior part of a left dentary with a partial splenial in articulation (PIN 951/30-1); and a 
582 largely complete right dentary with an articulated splenial (PIN 951/46-1, this might be the 
583 same individual as PIN 951/30-1 based on size and similar preservation). The posterior part 
584 of this latter dentary is preserved separately (PIN 951/46-2) in articulation with post-dentary 
585 bones (Fig. 15A, B). These two parts (PIN 951/46-1 and 951/46-2) together form almost a 
586 complete hemimandible. This hemimandible is almost identical in length to the complete 
587 right hemimandible of the holotype of Garjainia prima (PIN 2394/5). 
588 There appear to be 12–13 dentary teeth (13 in PIN 951/30-1 in which the entire 
589 tooth row appears to be preserved; Fig. 14A–C), resembling the condition in the holotype of 
590 Garjainia prima (13−14 dentary teeth; PIN 2394/5; Ezcurra et al. 2019) and in 
591 Sarmatosuchus otschevi (14 dentary teeth; Gower and Sennikov 1997), Garjainia madiba (14 
592 dentary teeth; NM QR 3051) and Shansisuchus shansisuchus (14–16; Young 1964). In lateral 
593 view, the ventral margin of the dentary is straight, and the dorsal margin is concave (Figs 
594 13A, 14A). It is expanded dorsally at both the posterior and anterior ends, which is a 
595 common condition among erythrosuchids (Young 1964; Gower 2003; Ezcurra 2016). The 
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596 external surface of the bone is rugose. There are numerous foramina on the lateral surface, 
597 mostly occurring in a row that runs parallel to the element’s dorsal edge, about 1 cm below 
598 the tooth margin (Figs 13A, 14A, D: for). The lateral surface of the dentary is very gently 
599 concave dorsoventrally, being slightly thickened at its ventral margin. Medially, there is a 
600 laterally recessed symphysial surface positioned below to the first two tooth positions (Figs 
601 13B, 14B, E: sym). Posterior to the symphysis, there is a broad Meckelian canal that 
602 becomes deeper and dorsoventrally broader posteriorly. This canal is positioned on the 
603 ventral half of the bone. There is a foramen that opens posteriorly, which is positioned 
604 within the ventral part of this canal, beneath the third tooth position and just posterior to 
605 the symphyseal region (Figs 13B, 14B, E). 
606 The first dentary tooth is procumbent, whereas more posterior teeth are directed 
607 dorsally. The morphology of the first tooth position is unknown in the holotype of Garjainia 
608 prima because of damage (PIN 2394/5; Ezcurra et al. 2019). The teeth are labiolingually 
609 compressed and recurved, with serrations along both their mesial and distal margins, 
610 extending close to the base of the tooth on the distal margin. Some of the dentary teeth 
611 appear to be fused to surrounding bone (ankylothecodont implantation). In other cases, this 
612 fusion does not appear to have occurred and the implantation appears to be thecodont, as 
613 in the holotype of Garjainia prima (PIN 2394/5; Ezcurra et al. 2019). This variation can occur 
614 within a single tooth row (e.g. PIN 951/30-1). 
615 The posterior end of the dentary is only preserved in PIN 951/46-2, in which a small 
616 part of the posterior end is preserved immediately anterior to the external mandibular 
617 fenestra (Fig. 15A, B). There appears to be a ventral process of the dentary, which 
618 articulates with the angular, and a central process (Fig. 15A: pcp), which extends along the 
619 dorsal margin of the external mandibular fenestra for a short distance. Dorsal to this central 
Page 30 of 117
https://mc.manuscriptcentral.com/rsos
Royal Society Open Science: For review only
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
27
620 process, the contact of the dentary with the surangular is unclear. However, in the holotype 
621 of Garjainia prima there is a long posterodorsal process that fits into an elongate furrow on 
622 the surangular (PIN 2394/5; Ezcurra et al. 2019).
623
624 Splenial. A nearly complete right splenial is in articulation with the medial surface of the 
625 dentary in PIN 951/46-1 (Fig. 13B), although it is missing its anteriormost and posterior 
626 portions. A partial left splenial is preserved in PIN 951/30-1 (Fig. 14B), also in articulation 
627 with a dentary. A very poorly preserved and heavily fragmented splenial is preserved in 
628 articulation with the dentary of PIN 951/69-1. The splenial is transversely compressed and 
629 sheet-like. Anteriorly it covers most of the medial surface of the dentary, except for a small 
630 ventral portion. More posteriorly the splenial expands in dorsoventral height to cover the 
631 entire medial surface of the dentary and forms the ventral margin of the hemimandible 
632 posterior to the tooth row. At this point, a small portion of the splenial is visible in lateral 
633 view (Fig. 13A), as in the holotype of Garjainia prima (PIN 2394/5; Ezcurra et al. 2019). The 
634 medial surface is gently concave dorsoventrally at its posterior end. More anteriorly there is 
635 a concave ventral portion where the splenial covers the Meckelian canal, and dorsal to this 
636 region the surface of the splenial is very gently convex. The posterior contact of the splenial 
637 with the surangular and angular are uncertain because the splenial appears to have broken 
638 away on the preserved posterior half of PIN 951/46-1. No foramina appear to be present on 
639 the medial surface of the splenial; however, in PIN 951/46-1 there are two crater-like 
640 openings with raised margins positioned immediately below tooth positions ten and eleven 
641 (Fig. 13B: cfor). These are interpreted as probable pathologies.
642
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643 Surangular. There are multiple relatively complete examples of the surangular (PIN 951/30-
644 3, PIN 951/33-1, 2, PIN 951/46-2, PIN 951/69-6; Fig. 15A–G). The surangular forms the 
645 dorsal margin of the posterior half of the hemimandible and the majority of the dorsal 
646 margin of the external mandibular fenestra. Anteriorly, its contacts with the dentary are 
647 unclear. Ventrally, it forms an elongate arched contact with the angular, and posteriorly, it 
648 has an extensive contact with the articular. Two ridges are present dorsally on the 
649 surangular (Fig. 15A, C, E). The more ventral of these ridges is well developed and overhangs 
650 the lateral surface of the surangular along much of its length, extending posteriorly to just 
651 behind the glenoid. Medial to this ridge, the dorsal portion of the surangular is transversely 
652 expanded. The second ridge is subtler and is dorsally positioned, beginning close to the 
653 anterior end of the surangular and extending along the transversely expanded dorsal 
654 portion of the bone. Above the external mandibular fenestra, an anteriorly-opening fossa is 
655 present between these two ridges (Fig. 15A: fos). The surangular has a medial process 
656 posteriorly, the pre-glenoid process (Fig. 15D, G: pgp), which forms the anterior wall of the 
657 glenoid, articulating with the anterior margin of the articular bone. The glenoid extends 
658 onto the posterior part of the surangular. 
659 At its posterior end, the surangular forms the lateral surface of the retroarticular 
660 process. In this area, the surface of the surangular is strongly rugose (Fig. 15A, C). The 
661 posterior end of the surangular is rounded in lateral view. The medial surface of the 
662 surangular forms much of the medial wall of the adductor fossa. The dorsal margin of the 
663 adductor fossa is defined by a thick longitudinal ridge. No foramina appear to be present on 
664 the lateral surface of the surangular in most examples of the bone. However, there are two 
665 possible foramina on the lateral surface of PIN 951/69-6, one positioned ventral to the 
666 glenoid, and one anteroventral to the glenoid. In PIN 951/69-6 and the right surangular of 
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667 PIN 951/33-1, the articular surface for the angular is exposed (Fig. 15C: a.an). The angular 
668 would have extensively overlapped the surangular laterally, and this articular surface is 
669 strongly striated with elongate ridges.
670
671 Angular. At least six angulars are preserved (PIN 951/16, PIN 951/30-2, PIN 951/33-3, PIN 
672 951/46-2, PIN 951/69-2, 5; Fig. 15A, B, H). The angular forms the entire ventral margin of 
673 the hemimandible posterior to the dentary and splenial, and this margin is strongly convex 
674 in lateral view. Anteriorly, it forms the entire ventral border of the external mandibular 
675 fenestra. The ventral margin of the angular is transversely thickened and the lateral surface 
676 of the bone is covered with low rugosities. Anteriorly, the angular is laterally overlapped by 
677 the dentary, and medially it would have been overlapped by the splenial. However, the 
678 splenial is not preserved in articulation in any of the specimens. Medially, the angular also 
679 forms a contact with the prearticular. At its posterior end the angular contacts the articular. 
680
681 Prearticular. A complete right prearticular is preserved in PIN 951/46-2 (Fig. 15B), part of 
682 the right prearticular is present in PIN 951/33-1 (Fig. 15C, D), and an isolated left 
683 prearticular is also preserved (PIN 951/22-1; Fig. 15I, J). The prearticular has a relatively 
684 straight ventral margin and a strongly concave dorsal margin, being contracted in its mid 
685 portion and strongly dorsoventrally expanded at both ends. The medial surface of the bone 
686 is convex and the lateral surface is strongly concave where it formed the medial wall of the 
687 adductor fossa. The ventral portion of the medial surface bears an extensive facet for 
688 articulation with the angular. This surface is gently striated. At its posterior end, the 
689 prearticular contacts the articular medial to the glenoid, and also probably formed a contact 
690 with the pre-glenoid process of the surangular. 
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691
692 Articular. The articular is preserved in multiple specimens including PIN 951/46-2 (Fig. 15A, 
693 B), PIN 951/33-1, 2 (Fig. 15C–G), PIN 951/30-3, and PIN 951/69-6. The articular sits within a 
694 cup supported by the pre-glenoid process of the surangular anteriorly (Fig. 15G: pgp), the 
695 prearticular medially and ventrally, and the main body of the surangular laterally. The 
696 articular forms the majority of the glenoid (Fig. 15G: gf), which has a saddle-shaped surface. 
697 The pre-glenoid lip (Fig. 15G: prgl) is formed partly by the articular medially, but primarily by 
698 the surangular. The post-glenoid lip (Fig. 15G: pogl) is formed entirely by the articular. 
699 Posterior to the post-glenoid lip is a concave surface (Fig. 15G: con), which is continuous 
700 with a distinctly developed medial process (Fig. 15B, D, G: mp). This process extends a short 
701 distance medial to the glenoid. The articular forms the majority of the retroarticular 
702 process, from which a dorsomedial process extends (Fig. 15B, G: dmp), as also occurs in the 
703 holotype of Garjainia prima (PIN 2394/5; Ezcurra et al. 2019) and in Garjainia madiba (NM 
704 QR 3051). 
705
706 Discussion
707
708 Taxonomic status of ‘Vjushkovia triplicostata’. The cranial material of ‘Vjushkovia 
709 triplicostata’ described here is of similar size and is almost identical in morphology to the 
710 type specimen of Garjainia prima (Ezcurra et al. 2019). As discussed previously (Ezcurra et 
711 al. 2019), the two taxa share a substantial number of anatomical features not present in 
712 other erythrosuchids. A number of minor differences between the two taxa have been 
713 noted in the past (e.g. Gower & Sennikov 2000; Ezcurra et al. 2019), and some additional 
714 differences have been noted here. The majority of these are best explained by differences in 
Page 34 of 117
https://mc.manuscriptcentral.com/rsos
Royal Society Open Science: For review only
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
31
715 preservation, particularly the transverse compression of the holotype skull of Garjainia 
716 prima (PIN 2394/5). However, two proposed differences are worthy of further discussion. 
717 As described above, the pterygoid and palatine of ‘Vjushkovia triplicostata’ both bear a 
718 small number of palatal teeth. These teeth are very small and poorly preserved. By contrast, 
719 palatal teeth have not been identified in the holotype of Garjainia prima (Ezcurra et al. 
720 2019). Although at face value this appears to represent a substantial difference between the 
721 two taxa, the palate of the Garjainia prima holotype is incompletely exposed and surface 
722 bone preservation is not perfect. Therefore, very small palatal teeth might be difficult to 
723 identify even if they were present. Moreover, as discussed above, there seems to be some 
724 variation in the palatal teeth among the cranial remains of ‘Vjushkovia triplicostata’ 
725 (potentially within the same individual), and intraspecific variation in the presence of palatal 
726 teeth occurs in some modern reptiles (Ezcurra et al. 2019). Given the overwhelmingly strong 
727 similarities between the material of Garjainia prima and ‘Vjushkovia triplicostata’, we 
728 interpret the difference in presence or absence of palatal teeth, if real, as intraspecific 
729 variation.
730 A second difference between Garjainia prima and ‘Vjushkovia triplicostata’ that has 
731 been discussed previously is tooth implantation (Ezcurra et al. 2019). In Garjainia prima, 
732 implantation is entirely thecodont, with teeth set in deep sockets but not fused to the 
733 surrounding bone. In ‘Vjushkovia triplicostata’, implantation is largely ankylothecodont, 
734 with the bases of the teeth fusing to the surrounding bones. However, as noted above, 
735 there is some variation in the degree of ankylothecodonty in the material of ‘Vjushkovia 
736 triplicostata’, even in the same jaw, and some tooth positions have a more thecodont 
737 implantation pattern (e.g. the ninth maxillary tooth of PIN 951/34). Ezcurra et al. (2019) 
738 discussed similar variation in the development of ankylothecodont dentition in other early 
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739 archosauromorphs and concluded that there may be some intraspecific variation in this 
740 character, and that is also likely the case here. 
741 In summary, we view the differences in morphology between Garjainia prima and 
742 ‘Vjushkovia triplicostata’ as minor, and explicable as a combination of intraspecific and 
743 taphonomic variation. Thus, we agree with some previous authors (Gower & Sennikov 2000; 
744 Ezcurra et al. 2019) in considering ‘Vjushkovia triplicostata’ Huene, 1960 as a junior 
745 subjective synonym of Garjainia prima Ochev, 1958. As a result, the lectotype and 
746 paralectotypes of ‘Vjuskovia triplicostata’ are here referred to Garjainia prima because of 
747 the presence of the following autapomorphies of the species  (sensu Ezcurra et al. 2019): 
748 nasal with an anteroposteriorly long descending process that forms an extensive 
749 longitudinal suture with the maxilla; prefrontal strongly flared laterally in dorsal view; skull 
750 roof with a long, median longitudinal fossa on its dorsal surface; and basioccipital with a 
751 median tuberosity on its ventral surface. The only other species previously classified in the 
752 genus Vjushkovia is Vjushkovia sinensis Young, 1973 from the Middle Triassic of China. This 
753 is not congeneric with ‘Vjushkovia triplicostata’ and is currently classified as Youngosuchus 
754 sinensis (Kalandadze & Sennikov 1985) and has been recovered as a pseudosuchian 
755 archosaur in recent phylogenetic analyses (Ezcurra 2016 and iterative modifications of this 
756 analysis).
757 Data from specimens of ‘‘Vjushkovia triplicostata’’ presented here expand our 
758 understanding of the cranial anatomy of Garjainia prima by providing information on parts 
759 of the skull that are inaccessible in the articulated skull of the type specimen of the latter. 
760 This grants a window into individually variable structures within the species, and indeed in 
761 erythrosuchids more generally. Given the excellent holotype material and the now referred 
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762 material previously attributed to ‘‘Vjushkovia triplicostata’’, Garjainia prima is currently 
763 probably the best-known erythrosuchid.         
764
765 Relative head size in erythrosuchids. Across the full dataset of 130 tetrapods, standard 
766 major axis regression recovers a strong positive correlation between basal skull length and 
767 femur length (r2 = 0.89). The erythrosuchids ‘‘Vjushkovia triplicostata’’, Erythrosuchus 
768 africanus and Shansisuchus shansisuchus, the proterosuchid ‘Chasmatosaurus’ yuani, the 
769 pterosaurs Dimorphodon macronyx and Eudimorphodon macronyx, the proterochampsian 
770 Proterochampsa barrionuevoi, and the phytosaur Parasuchus hislopi all have skulls that are 
771 disproportionately elongate relative to the femur. Several taxa in the dataset have 
772 disproportionately short skulls, including the sauropods Rapetosaurus krausei, 
773 Malawisaurus dixeyi and Amargasaurus cazaui, and the stegosaur Stegosaurus stenops. 
774 Phylogenetic generalised least squares regression of the reduced dataset of 41 Early 
775 Triassic to earliest Jurassic archosauromorph species also recovered a strongly significant 
776 positive correlation between basal skull length and femur length (r2 = 0.84; p = < 0.0001). All 
777 five of the phylogenetic signal statistics calculated by the phyloSignal function (Blomberg's K 
778 and K*, Abouheif's Cmean, Moran's I, and Pagel's Lambda) show significant phylogenetic 
779 signal in the skull-femur ratio data (p = 0.01 to p = < 0.0001), and the phylogenetic 
780 correlogram suggests that this signal is lost at phylogenetic distances greater than 16 million 
781 years. Two clear phylogenetic associations occur within the data (Fig. 17): proterosuchids 
782 (Proterosuchus fergusi, ‘Chasmatosaurus’ yuani) and erythrosuchids (‘Vjushkovia 
783 triplicostata’, Erythrosuchus africanus, Shansisuchus shansisuchus) form a phylogenetic 
784 cluster of taxa with proportionately large skulls, whereas the early dinosaurs Buriolestes 
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785 schultzi, Eoraptor lunensis, and Herrerasaurus ischigualastensis form a phylogenetic cluster 
786 of taxa with proportionately small skulls.
787 These results provide support for the generalisation that the heads of erythrosuchids 
788 are disproportionately large relative to other groups of archosauromorphs, but also suggest 
789 that this feature is not unique to erythrosuchids but characterises a broader grouping of 
790 early archosauriforms, including proterosuchids. The enlarged heads of proterosuchids and 
791 erythrosuchids were acquired coincident with increases in overall body size, and anatomical 
792 features related to carnivorous adaptations such as serrated teeth (Ezcurra et al. 2013; 
793 Ezcurra 2016). The evolution of large heads in erythrosuchids and other early 
794 archosauriforms might therefore be linked to these groups invading hypercarnivorous 
795 niches following the Permo-Triassic mass extinction, although further exploration of this 
796 hypothesis using functional morphological approaches is warranted.          
797
798
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934 Figure captions
935
936 Figure 1. Map showing the locations of the Kzyl-Sai (type locality of Garjainia prima) and 
937 Rassypnaya (type locality of ‘Vjushkovia triplicostata’). Stratigraphic column shows the 
938 major divisions of the late Permian–Middle Triassic of European Russia.   
939
940 Figure 2. A. Rassypnaya locality after excavation in November 1953. From left to right: B. P. 
941 Vyushkov, V. A. Garyainov and V. G. Ochev. B. Excavation at Rassypnaya in 1954. C. 
942 Rassypnaya locality as geological monument today, with A. G. Sennikov near sign marking 
943 the locality. Photographs in A and B by V. G. Ochev, from archive of M. A. Shishkin. 
944
945 Figure 3. Premaxilla of Garjainia prima (=‘Vjushkovia triplicostata’). Articulated left and right 
946 premaxillae (PIN 951/63) in left lateral (A), right lateral (B), ventral (C), dorsal (D) and 
947 anterior (E) views. Fragment of left premaxilla (PIN 951/116) in medial (F) and lateral (G) 
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948 views. Abbreviations: for, foramen; gr, groove; nf, narial fossa; ppp, palatal process of 
949 premaxilla; prnp, base of prenarial process. 
950
951 Figure 4. Maxilla of Garjainia prima (=‘Vjushkovia triplicostata’). Left maxilla (PIN 951/32) in 
952 lateral (A) and medial (B) views. Right maxilla (PIN 951/34) in lateral (C) and medial (D) 
953 views. Left maxilla (PIN 951/55) in lateral (E), medial (F) and dorsal (G) views. Abbreviations: 
954 a.jg, articular surface for the jugal; ap, ascending process; a.pal, articular surface for the 
955 palatine; dalp, dorsal anterolateral process; gr, groove; mnt, maxillo-nasal tuberosity; pp, 
956 palatal process; ventral anterolateral process.  
957
958 Figure 5. Isolated left (PIN 951/19-1) and right (PIN 951/19-2) nasals of Garjainia prima 
959 (=‘Vjushkovia triplicostata’), shown in inferred articulation and probably representing a 
960 single individual. Abbreviations: a.max, articular surface for the maxilla; dpn, descending 
961 process; mnt, maxillo-nasal tuberosity.  
962
963 Figure 6. Referred skull roof and braincase of Garjainia prima (PIN 951/59; lectotype of 
964 ‘Vjushkovia triplicostata’) in dorsal (A), ventral (B), left lateral (C) and posterior (D) views. 
965 Abbreviations: bptp, basipterygoid process; bt, basal tuber; dpn, descending process of 
966 nasal; fos, fossa on dorsal surface of nasals and frontals; fr, frontal; lc, lacrimal; ls, 
967 laterosphenoid; na, nasal; oc, occipital condyle; ol.b, olfactory bulb; ol.tr, olfactory tract; 
968 orb, orbit; pa, parietal; pa.wi, parietal wing; pfos, pineal fossa; po, postorbital; pof, 
969 postfrontal; pop, paroccipital process; prf, prefrontal; prfg, groove on dorsal surface of 
970 prefrontal; so, supraoccipital; so.fos, fossa on supraoccipital; stf, supratemporal fenestra.    
971
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972 Figure 7. Jugal and quadratojugal of Garjainia prima (=‘Vjushkovia triplicostata’). Right jugal 
973 (PIN 951/117) in lateral (A) and medial (B) views. Articulated right jugal and quadratojugal 
974 (PIN 951/23-2) in lateral (C) and medial (D) views. Left quadratojugal (PIN 951/17-2) in 
975 lateral and medial views (E). Abbreviations: a.ect, articular surface for the ectopterygoid; 
976 a.jg, articular surface for the jugal; ap, anterior process of jugal; a.qj, articular surface for the 
977 quadratojugal; a.sq, articular surface for the squamosal; dp, dorsal process of jugal; pp, 
978 posterior process of jugal; ri, ridge on lateral surface of dorsal process; rri, strongly rugose 
979 ridge. 
980
981 Figure 8. Referred partial skull roof and braincase (PIN 951/60) of Garjainia prima 
982 (=‘Vjushkovia triplicostata’) in dorsal (A) and ventral (B) views, close-up of left postorbital in 
983 lateral view (C) and posterior view (D). Abbreviations: a.jg, articular surface for the jugal; fm, 
984 foramen magnum; fr, frontal; gr, groove on lateral surface of ventral process of postorbital; 
985 ls, laterosphenoid; ol.tr, olfactory tract; pa.wi, parietal wing; pfos, pineal fossa; po, 
986 postorbital; pob, postorbital boss; pof, postfrontal; pofos, fossa on dorsal surface of 
987 postorbital; pop, paroccipital process; prf, prefrontal; prfg, groove on dorsal surface of 
988 prefrontal; so, supraoccipital; so.fos, fossa on supraoccipital; stf, supratemporal fenestra.    
989
990 Figure 9. Left squamosal (PIN 951/118) of Garjainia prima (=‘Vjushkovia triplicostata’) in 
991 lateral (A) and medial (B) views. Abbreviations: a.pa, articular surface for the parietal; fos, 
992 fossa adjacent to the border of the infratemporal fenestra; ltf, border of the infratemporal 
993 fenestra; pps, broken base of the posterior process of the squamosal; ri, ridge delimiting 
994 fossa on the ventral process of the squamosal; stf, border of the supratemporal fenestra. 
995
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996 Figure 10. Two left quadrates (PIN 951/57-1: A–E; PIN 951/57-3: F–J) of Garjainia prima 
997 (=‘Vjushkovia triplicostata’) in lateral (A, F), posterior (B, G), medial (C, H), and anterior (D, I) 
998 views, and outline of quadrate condyles in ventral view (E, J). Abbreviations: a.qj, articular 
999 surface for quadratojugal; fos, fossa on pterygoid wing of quadrate.  
1000
1001 Figure 11. Left pterygoid (PIN 951/15-1) of Garjainia prima (=‘Vjushkovia triplicostata’) in 
1002 ventral (A) and lateral (B) views, with close up of the bases of the medial and anterolateral 
1003 ridges on the anterior process (C), showing pterygoid teeth. Abbreviations: ap.alr, 
1004 anterolateral ridge on anterior process; ap.mr, medial ridge on anterior process; conc, 
1005 concavity; dp, dorsal process; pt.teeth, pterygoid teeth; pvp, posteroventral process; pvp.r, 
1006 ridge on posteroventral process.    
1007
1008 Figure 12. Right palatine (PIN 951/18-1) of Garjainia prima (=‘Vjushkovia triplicostata’) in 
1009 ventral (A), dorsal (B) and lateral (C) views, and with close-up of the base of the ridge on the 
1010 ventral surface of the element (D), showing possible palatine teeth. Abbreviations: a.mx, 
1011 articular surface for the maxilla; a.pt, articular surface for the pterygoid; dmf, dorsomedial 
1012 flange; fos, fossa; gr, groove extending across the articular surface for the maxilla; pal.r, 
1013 ridge on ventral surface of the palatine; p.teeth, possible palatine teeth.  
1014
1015 Figure 13. Right dentary (PIN 951/46-1) of Garjainia prima (=‘Vjushkovia triplicostata’) in 
1016 lateral (A) and medial (B) views. Abbreviations: cfor, crater-like foramen, probably 
1017 pathological; for, foramen; Mc, Meckelian canal; spl, splenial; sym, symphysis. 
1018
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1019 Figure 14. Left dentaries (PIN 951/30-1: A–C; PIN 951/54-1: D–F) of Garjainia prima 
1020 (=‘Vjushkovia triplicostata’) in lateral (A, D), medial (B, E), and dorsal (C, F) views. 
1021 Abbreviations: for, foramen; Mc, Meckelian canal; spl, splenial; sym, symphysis. 
1022
1023 Figure 15. Post-dentary mandibular material of Garjainia prima (=‘Vjushkovia triplicostata’). 
1024 Posterior right mandible (PIN 951/46-2) in lateral (A) and medial (B) views. Posterior right 
1025 mandible (PIN 951/33-1) in lateral (C), medial (D), dorsal (E), ventral (F) views, and close-up 
1026 of the articular region in dorsal view (G). Partial left angular (PIN 951/30-2) in lateral view 
1027 (H). Partial left prearticular (PIN 951/22-1) in medial (I) and lateral (J) views. Abbreviations: 
1028 a.an, articular surface for the angular; adf, adductor fossa; an, angular; con, concavity; den, 
1029 dentary; dmp, dorsomedial process; emf, external mandibular fenestra; fos, fossa; gf, 
1030 glenoid fossa; mp, medial process of articular; pcp, posterocentral process of the dentary; 
1031 pgp, pre-glenoid process of surangular; pogl, postglenoid lip; pra, prearticular; prgl, 
1032 preglenoid lip; rap, retroarticular process; sa, surangular; sri, ridges on the surangular; ssh, 
1033 surangular shelf.  
1034
1035 Figure 16. Standard major axis regression of basal skull length compared to femur length for 
1036 130 species of fossil and living tetrapods. Dashed lines indicate 95% confidence intervals. 
1037 Star symbols represent erythrosuchids. 
1038
1039 Figure 17. Phylogenetic association of the continuous character basal skull length: femur 
1040 length ratio. Ladderized time calibrated phylogenetic supertree (left); local Moran’s index 
1041 values for each terminal, in which red bars indicate significant local indicators of 
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1042 phylogenetic association that denote species with similar neighbours or species with 
1043 different neighbours (centre); and supertree terminal labels (right).
1044
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1066 Appendix 1. List of cranial and mandibular material referred here to Garjainia prima
1067 Specimens are paralectotypes of ‘Vjushkovia triplicostata’ unless otherwise noted
1068 PIN 951/9 – left jugal
1069 PIN 951/13-1 – fragment of left surangular
1070 PIN 951/13-2 –fragment of left surangular
1071 PIN 951/15-1 – left pterygoid
1072 PIN 951/15-2 – fragment of right pterygoid
1073 PIN 951/16 – right angular
1074 PIN 951/17-1 - incomplete left quadratojugal 
1075 PIN 951/17-2 - incomplete left quadratojugal
1076 PIN 951/18-1 – right palatine
1077 PIN 951/18-2 – partial left palatine
1078 PIN 951/19-1 – left nasal
1079 PIN 951/19-2 – right nasal
1080 PIN 951/22-1 – left prearticular 
1081 PIN 951/22-2 –fragment of left prearticular
1082 PIN 951/22-3 –fragment of right prearticular
1083 PIN 951/23-1 - incomplete left jugal 
1084 PIN 951/23-2 – incomplete right jugal in articulation with a right quadratojugal
1085 PIN 951/30-1 - left dentary with a partial splenial
1086 PIN 951/30-2 – left angular
1087 PIN 951/30-3 - posterior left hemimandible
1088 PIN 951/32 - left maxilla
1089 PIN 951/33-1 - posterior right hemimandible
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1090 PIN 951/33-2 - posterior left hemimandible
1091 PIN 951/33-3 – right angular
1092 PIN 951/34 – right maxilla
1093 PIN 951/46-1 – anterior right hemimandible (dentary + splenial)
1094 PIN 951/46-2 – posterior right hemimandible
1095 PIN 951/54-1 – left dentary
1096 PIN 951/54-2 – left dentary fragment
1097 PIN 951/54-3 - right dentary
1098 PIN 951/55 – left maxilla
1099 PIN 951/56 – fragment of right parietal?
1100 PIN 951/57-1 – left quadrate
1101 PIN 951/57-2 – left quadrate
1102 PIN 951/57-3 – left quadrate
1103 PIN 951/59 - skull roof and braincase (lectotype of ‘Vjushkovia triplicostata’)
1104 PIN 951/60 - incomplete skull roof and braincase
1105 PIN 951/63 – left and right premaxillae in articulation
1106 PIN 951/69-1 – right dentary and splenial (referred specimen) 
1107 PIN 951/69-2 – right angular (referred specimen)  
1108 PIN 951/69-3 – fragment of the left dentary (referred specimen)  
1109 PIN 951/69-4 – fragment of the left prearticular (referred specimen)
1110 PIN 951/69-5 – left angular (referred specimen)
1111 PIN 951/69-6 – posterior left hemimandible (referred specimen)
1112 PIN 951/116 - fragment of left premaxilla
1113 PIN 951/117 – incomplete right jugal  
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1114 PIN 951/118 - incomplete left squamosal
1115 PIN 951/119 - incomplete left squamosal
1116 PIN 951/120 - incomplete right squamosal
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 Figure 1. Map showing the locations of the Kzyl-Sai (type locality of Garjainia prima) and Rassypnaya (type 
locality of ‘Vjushkovia triplicostata’). Stratigraphic column shows the major divisions of the late Permian–
Middle Triassic of European Russia.   
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 Figure 2. A. Rassypnaya locality after excavation in November 1953. From left to right: B. P. Vyushkov, V. 
A. Garyainov and V. G. Ochev. B. Excavation at Rassypnaya in 1954. C. Rassypnaya locality as geological 
monument today, with A. G. Sennikov near sign marking the locality. Photographs in A and B by V. G. 
Ochev, from archive of M. A. Shishkin. 
209x135mm (300 x 300 DPI) 
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 Figure 3. Premaxilla of Garjainia prima (=‘Vjushkovia triplicostata’). Articulated left and right premaxillae 
(PIN 951/63) in left lateral (A), right lateral (B), ventral (C), dorsal (D) and anterior (E) views. Fragment of 
left premaxilla (PIN 951/116) in medial (F) and lateral (G) views. Abbreviations: for, foramen; gr, groove; 
nf, narial fossa; ppp, palatal process of premaxilla; prnp, base of prenarial process. 
209x204mm (300 x 300 DPI) 
Page 104 of 117
https://mc.manuscriptcentral.com/rsos
Royal Society Open Science: For review only
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
 Figure 4. Maxilla of Garjainia prima (=‘Vjushkovia triplicostata’). Left maxilla (PIN 951/32) in lateral (A) and 
medial (B) views. Right maxilla (PIN 951/34) in lateral (C) and medial (D) views. Left maxilla (PIN 951/55) 
in lateral (E), medial (F) and dorsal (G) views. Abbreviations: a.jg, articular surface for the jugal; ap, 
ascending process; a.pal, articular surface for the palatine; dalp, dorsal anterolateral process; gr, groove; 
mnt, maxillo-nasal tuberosity; pp, palatal process; ventral anterolateral process.   
209x169mm (300 x 300 DPI) 
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 Figure 5. Isolated left (PIN 951/19-1) and right (PIN 951/19-2) nasals of Garjainia prima (=‘Vjushkovia 
triplicostata’), shown in inferred articulation and probably representing a single individual. Abbreviations: 
a.max, articular surface for the maxilla; dpn, descending process; mnt, maxillo-nasal tuberosity.   
209x82mm (300 x 300 DPI) 
Page 106 of 117
https://mc.manuscriptcentral.com/rsos
Royal Society Open Science: For review only
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
 Figure 6. Referred skull roof and braincase of Garjainia prima (PIN 951/59; lectotype of ‘Vjushkovia 
triplicostata’) in dorsal (A), ventral (B), left lateral (C) and posterior (D) views. Abbreviations: bptp, 
basipterygoid process; bt, basal tuber; dpn, descending process of nasal; fos, fossa on dorsal surface of 
nasals and frontals; fr, frontal; lc, lacrimal; ls, laterosphenoid; na, nasal; oc, occipital condyle; ol.b, 
olfactory bulb; ol.tr, olfactory tract; orb, orbit; pa, parietal; pa.wi, parietal wing; pfos, pineal fossa; po, 
postorbital; pof, postfrontal; pop, paroccipital process; prf, prefrontal; prfg, groove on dorsal surface of 
prefrontal; so, supraoccipital; so.fos, fossa on supraoccipital; stf, supratemporal fenestra.     
209x296mm (300 x 300 DPI) 
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 Figure 7. Jugal and quadratojugal of Garjainia prima (=‘Vjushkovia triplicostata’). Right jugal (PIN 951/117) 
in lateral (A) and medial (B) views. Articulated right jugal and quadratojugal (PIN 951/23-2) in lateral (C) 
and medial (D) views. Left quadratojugal (PIN 951/17-2) in lateral and medial views (E). Abbreviations: 
a.ect, articular surface for the ectopterygoid; a.jg, articular surface for the jugal; ap, anterior process of 
jugal; a.qj, articular surface for the quadratojugal; a.sq, articular surface for the squamosal; dp, dorsal 
process of jugal; pp, posterior process of jugal; ri, ridge on lateral surface of dorsal process; rri, strongly 
rugose ridge. 
209x273mm (300 x 300 DPI) 
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 Figure 8. Referred partial skull roof and braincase (PIN 951/60) of Garjainia prima (=‘Vjushkovia 
triplicostata’) in dorsal (A) and ventral (B) views, close-up of left postorbital in lateral view (C) and posterior 
view (D). Abbreviations: a.jg, articular surface for the jugal; fm, foramen magnum; fr, frontal; gr, groove on 
lateral surface of ventral process of postorbital; ls, laterosphenoid; ol.tr, olfactory tract; pa.wi, parietal wing; 
pfos, pineal fossa; po, postorbital; pob, postorbital boss; pof, postfrontal; pofos, fossa on dorsal surface of 
postorbital; pop, paroccipital process; prf, prefrontal; prfg, groove on dorsal surface of prefrontal; so, 
supraoccipital; so.fos, fossa on supraoccipital; stf, supratemporal fenestra.     
209x154mm (300 x 300 DPI) 
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 Figure 9. Left squamosal (PIN 951/118) of Garjainia prima (=‘Vjushkovia triplicostata’) in lateral (A) and 
medial (B) views. Abbreviations: a.pa, articular surface for the parietal; fos, fossa adjacent to the border of 
the infratemporal fenestra; ltf, border of the infratemporal fenestra; pps, broken base of the posterior 
process of the squamosal; ri, ridge delimiting fossa on the ventral process of the squamosal; stf, border of 
the supratemporal fenestra. 
209x80mm (300 x 300 DPI) 
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 Figure 10. Two left quadrates (PIN 951/57-1: A–E; PIN 951/57-3: F–J) of Garjainia prima (=‘Vjushkovia 
triplicostata’) in lateral (A, F), posterior (B, G), medial (C, H), and anterior (D, I) views, and outline of 
quadrate condyles in ventral view (E, J). Abbreviations: a.qj, articular surface for quadratojugal; fos, fossa 
on pterygoid wing of quadrate.   
209x203mm (300 x 300 DPI) 
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 Figure 11. Left pterygoid (PIN 951/15-1) of Garjainia prima (=‘Vjushkovia triplicostata’) in ventral (A) and 
lateral (B) views, with close up of the bases of the medial and anterolateral ridges on the anterior process 
(C), showing pterygoid teeth. Abbreviations: ap.alr, anterolateral ridge on anterior process; ap.mr, medial 
ridge on anterior process; conc, concavity; dp, dorsal process; pt.teeth, pterygoid teeth; pvp, posteroventral 
process; pvp.r, ridge on posteroventral process.     
209x154mm (300 x 300 DPI) 
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 Figure 12. Right palatine (PIN 951/18-1) of Garjainia prima (=‘Vjushkovia triplicostata’) in ventral (A), 
dorsal (B) and lateral (C) views, and with close-up of the base of the ridge on the ventral surface of the 
element (D), showing possible palatine teeth. Abbreviations: a.mx, articular surface for the maxilla; a.pt, 
articular surface for the pterygoid; dmf, dorsomedial flange; fos, fossa; gr, groove extending across the 
articular surface for the maxilla; pal.r, ridge on ventral surface of the palatine; p.teeth, possible palatine 
teeth.   
209x87mm (300 x 300 DPI) 
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 Figure 13. Right dentary (PIN 951/46-1) of Garjainia prima (=‘Vjushkovia triplicostata’) in lateral (A) and 
medial (B) views. Abbreviations: cfor, crater-like foramen, probably pathological; for, foramen; Mc, 
Meckelian canal; spl, splenial; sym, symphysis. 
209x147mm (300 x 300 DPI) 
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 Figure 14. Left dentaries (PIN 951/30-1: A–C; PIN 951/54-1: D–F) of Garjainia prima (=‘Vjushkovia 
triplicostata’) in lateral (A, D), medial (B, E), and dorsal (C, F) views. Abbreviations: for, foramen; Mc, 
Meckelian canal; spl, splenial; sym, symphysis. 
209x296mm (300 x 300 DPI) 
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 Figure 15. Post-dentary mandibular material of Garjainia prima (=‘Vjushkovia triplicostata’). Posterior right 
mandible (PIN 951/46-2) in lateral (A) and medial (B) views. Posterior right mandible (PIN 951/33-1) in 
lateral (C), medial (D), dorsal (E), ventral (F) views, and close-up of the articular region in dorsal view (G). 
Partial left angular (PIN 951/30-2) in lateral view (H). Partial left prearticular (PIN 951/22-1) in medial (I) 
and lateral (J) views. Abbreviations: a.an, articular surface for the angular; adf, adductor fossa; an, angular; 
con, concavity; den, dentary; dmp, dorsomedial process; emf, external mandibular fenestra; fos, fossa; gf, 
glenoid fossa; mp, medial process of articular; pcp, posterocentral process of the dentary; pgp, pre-glenoid 
process of surangular; pogl, postglenoid lip; pra, prearticular; prgl, preglenoid lip; rap, retroarticular 
process; sa, surangular; sri, ridges on the surangular; ssh, surangular shelf.   
209x201mm (300 x 300 DPI) 
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 Figure 16. Standard major axis regression of basal skull length compared to femur length for 130 species of 
fossil and living tetrapods. Dashed lines indicate 95% confidence intervals. Star symbols represent 
erythrosuchids. 
209x151mm (300 x 300 DPI) 
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 Figure 17. Phylogenetic association of the continuous character basal skull length: femur length ratio. 
Ladderized time calibrated phylogenetic supertree (left); local Moran’s index values for each terminal, in 
which red bars indicate significant local indicators of phylogenetic association that denote species with 
similar neighbours or species with different neighbours (centre); and supertree terminal labels (right). 
209x209mm (300 x 300 DPI) 
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